Objective The adverse effects of selective sodium-glucose co-transporter 2 (SGLT2) inhibitors generally appear within about two or three months after treatment initiation in Japan. Therefore, we investigated the impact of tofogliflozin, a class of SGLT2 inhibitors, on glycemic control and body composition during this period in Japanese patients with type 2 diabetes mellitus. Methods This single-arm open-label study enrolled 20 patients. Patients received tofogliflozin 20 mg once daily for 8 weeks. At week 8, changes from baseline in body weight, serum metabolic markers, and body composition were evaluated. Results A total of 17 patients completed the 8-week administration of tofogliflodin. No serious adverse events were noted. Hemoglobin A1c (HbA1c) decreased significantly, from 7.8% to 7.3% with 8-week administration of tofogliflozin. Both the body weight and body mass index (BMI) also decreased. In addition, a decreased renal function of the boundary zone and hemoconcentration were detected. As for body composition, the free fat mass, total body water, extracellular water and intracellular water were all decreased significantly. Interestingly, the amount of fat mass did not change. The degree of improvement in HbA1c was correlated with the baseline fat mass and BMI. Conclusion An eight-week administration of tofogliflozin improved glycemic control and reduced the body weight and free fat mass in type 2 diabetic patients without affecting the fat mass. In this period, the hematocrit level and renal function should be monitored to guard against hemoconcentration and renal impairment, respectively.
Introduction
The incidence of type 2 diabetes has been dramatically increasing worldwide in association with the prevalence of obesity and an unhealthy lifestyle (1) . This disease is characterized by a decreased insulin action induced by insulin resistance and insulin deficiency. Diet and exercise are regarded as a basic and important strategy for treating type 2 diabetes (2). However, controlling the blood glucose level through lifestyle improvement alone is difficult. Therefore, a number of novel anti-diabetic drugs have been developed. poglycemia is low (3) (4) (5) .
Existing reports have indicated that the long-term administration of SGLT2 inhibitors improves hyperglycemia and reduces body weight, fat mass, and subcutaneous and visceral adipose tissue (6) . SGLT2 inhibitors have been available for clinical use in Japan since 2014. In many cases, various side effects of SGLT2 inhibitors, such as urogenital infection, volume depletion, and skin disorders, appear within about 2-3 months after beginning to use these inhibitors in Japan (7) , indicating the importance of close observation of any physiological and metabolic changes during this period. We herein addressed the impact of tofogliflozin, a class of SGLT2 inhibitors, by examining the serum markers and body composition measurements in Japanese type 2 diabetic patients for 8 weeks from the beginning of its administration.
Materials and Methods

Study design and participants
This study was carried out at Chibune General Hospital between August 2014 and March 2015 as a single-arm open-label study in Japanese patients with type 2 diabetes mellitus. All participants continued their pre-study treatment without any change. In addition to any pre-study treatment, the participants received a single 20 mg dose of tofogliflozin daily for 8 weeks. All patients received general diet and exercise advice. The treatment was not changed in any participants throughout the current study.
The inclusion criteria of this study were as follows: age >20 years old, body mass index (BMI) ! 18.5, hemoglobin A1c (HbA1c) levels >6.2%, and estimated glomerular filtration rate (eGFR) >45 mL/min. In addition, C-peptide immunoreactivity index >1.5 was added to the inclusion criteria when the duration of diabetes exceeded 10 years. The exclusion criteria were as follows: using insulin; having severe hepatic, renal, or cardiac diseases; having severe infection; having severe trauma; having cancer; and being pregnant or breastfeeding. The study complied with the Declaration of Helsinki, Good Clinical Practice, the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use guidelines, and Japanese law. This study was approved by the ethics committee at Chibune General Hospital. All patients provided their informed consent prior to being enrolled.
Measurements
At weeks 0 and 8, body weight and serum metabolic markers were measured. The body composition was evaluated by a bioelectrical impedance analysis (BIA) using an In-Body S20 body composition analyzer (Biospace, Seoul, Korea). In this analysis, the body weight, total body water, and extracellular body water were actually measured by segmental bioelectric impedance using eight tactile electrodes (8) (9) (10) . The free fat mass and fat mass were calculated from total body water. The free fat mass consists of total body water and protein and mineral content. The fat mass is obtained by subtracting the free fat mass from the body weight.
All measurements were performed regardless of meals. However, the changes in body composition estimated after food or drink consumption were relatively small and fell within the values of imprecision for the impedance technique, and so are unlikely to be of clinical significance (11) . We evaluated any adverse effects during visits every 2 weeks and performed blood examinations every 4 weeks.
Statistical analysis
Since all continuous variables were confirmed to be normally distributed in this study, Student's t-test was used to compare between time points. The values are expressed as the mean ± standard deviation (SD), and p <0.05 was considered to be statistically significant. Correlations among variables were tested using Pearson's correlation coefficient. All calculations were performed using the JMP software program version 8 (SAS Institute, Cary, USA).
Results
The baseline characteristics and medications for the participants are shown in Table 1 . The mean age and diabetes duration were 52.1 years old and 6.4 years, respectively. The mean body weight, BMI, HbA1c and casual plasma glucose levels at baseline were 76.6 kg, 28.9 kg/m 2 , 7.8% and 166 mg/dL, respectively. As anti-diabetic agents, sulfonylureas, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 receptor agonists, α-glucosidase inhibitors, biguanides, and thiazolidinediones were administered to 25%, 65%, 10%, 15%, 75%, and 20% of participants, respectively. No patients were treated with glinides, and one patient was drug naïve. Of the 20 patients enrolled in this study, 17 completed the study, and we analyzed data from all 17 (men/women =7/10). One patient discontinued administration due to a side effect of staggering. Another patient discontinued due to miliaria of the abdomen. Deteriorated rashes are frequently reported as adverse effects of SGLT2 inhibitors in Japan. After drug discontinuation, the staggering promptly disappeared, but no distinct improvement was noted in the case of miliaria of the abdomen. The other patient stopped visiting the hospital. Of the 17 patients who completed the 8-week administration of tofogliflozine, 2 female patients developed cystitis and were administered antibiotics; their cystitis then improved promptly. No symptomatic hypoglycemic episodes occurred in any participants in the current study, and no other adverse events were observed.
As shown in Table 2 , 8-week administration of tofogliflozine decreaed HbA1c by 0.5% with statistical significance. The low-density lipoprotein cholesterol (LDL) and high-density lipoprotein cholesterol (HDL) levels were significantly elevated. eGFR showed a declining trend. Blood urea nitrogen, creatinine (Cr), red blood cell, hematocrit (Hct), total protein, and albumin levels were significantly increased. Uric acid levels did not change significantly. Plasma osmolarity (Posm) did not change markedly, either. As for electrolytes, serum chloride concentration decreased significantly, although neither sodium nor potassium concentrations changed (Table 3 ). The fractional excretion of both sodium and potassium increased significantly (Table 3) .
Concerning the physical findings, the body weight and BMI both significantly decreased at 8 weeks compared to baseline (Table 4 ). An examination of the body composition using BIA showed the free fat mass, total body water, intracellular water (ICW), and extracellular water (ECW) to all decrease significantly at 8 weeks compared to baseline, whereas the fat mass had not changed markedly at 8 weeks (Table 4) .
The results of a bivariate correlation analysis revealed that a strong correlation between BMI of baseline and the alteration of HbA1c from baseline to week 8 (ΔHbA1c) (Figure A) . The fat mass at baseline also had a relatively strong correlation with ΔHbA1c ( Figure B) . With respect to the renal function, a correlation was noted in the alterations of Cr (ΔCr) and Hct (ΔHct) between baseline and week 8 (Figure C) . However, no correlation was observed between ΔCr and ΔECW, the alteration of ECW from baseline to week 8 (r=0.16, p=0.53). The observed correlation between ΔCr and ΔHct may therefore reflect a decrease in the renal function due to a reduction in the circulating plasma volume induced by hemoconcentration. Furthermore, we detected a significant correlation in the alterations of serum potassium (ΔK) and ICW (ΔICW) between baseline and week 8 ( Figure D) . However, no significant correlations were noted between the alteration of serum sodium (ΔNa) and ΔICW or between the alteration of Posm (ΔPosm) and ΔICW (data not shown). In addition, no significant correlations were noted between ΔNa, ΔK, or ΔPosm and ΔECW, either (data not shown). A correlating trend was observed between ΔECW and ΔLDL, the alteration of LDL from baseline to week 8 (r=0.42, p= 0.097). In addition, the alteration of HDL from baseline to week 8 (ΔHDL) tended to correlate with ΔHct (r=0.42, p= 0.096). 
Discussion
In the current study, tofogliflozin administration for 8 weeks had the favorable effects of lowering HbA1c and reducing total body weight without inducing any severe side effects. Interestingly, the observed decrease in body weight was due to a decrease in the free fat mass including total body water, but not the fat mass. This is the first report using BIA to directly demonstrate that the decrease in body weight observed during the initial phase of administration of an SGLT2 inhibitor is derived from a reduction in the free fat mass. In addition, the degree of improvement in glycemic control was correlated with the baseline fat mass value as well as baseline BMI. This implies that SGLT2 inhibitors may be suitable for use in obese patients.
Our findings in the present study using tofogliflodin were consistent with those of previous reports that showed SGLT2 inhibitors to be effective in glycemic control without major adverse effects, leading to weight loss in Japanese patients with type 2 diabetes mellitus (12) (13) (14) . In the present study, the mean body weight loss was 1.1 kg. This degree of body weight loss was comparable to that achieved using placebo-corrected reductions (1.0-2.6 kg) in dapagliflozin treatment studies (6, (15) (16) (17) (18) . The fat mass did not decrease in the present study. In general, osmotic diuresis is responsible for the relatively fast initial decline in body weight, while caloric loss to urine and any subsequent loss in fat mass are responsible for the long-term gradual decrease in body weight in the process of prescribing SGLT2 inhibitors (19) . Our observation of no significant decrease in the fat mass with short-term administration in the present study is therefore not very surprising. In fact, a report showed that the administration of SGLT2 inhibitors, including dapagliflozin, ipragliflozin, and tofogliflozin, for 3 months did not affect the body fat mass (20) . On the other hand, two studies on the effects of ipragliflozin administration for 1-3 months showed a significant reduction in body fat (21, 22) . The reason for the difference in fat mass reduction after the short-term administration of SGLT2 inhibitors remains to be elucidated. The general consensus holds that the long-term weight loss associated with SGLT2 inhibitors is due to energy loss through urinary glucose excretion (UGE) (23) (24) (25) (26) . However, the complete inhibition of SGLT2 forces SGLT1 to reabsorb glucose in full capacity, leading to a decrease in UGE to <50% of the filtered glucose load (27) . Therefore, this may be the second reason for the prevention of fat mass loss in the present study. Another possible explanation for the lack of any change in the fat mass is incomplete dietetic therapy. Numerous placebo-controlled randomised clinical trials have demonstrated that body weight decreases only negligibly over the course of the study period (26, (28) (29) (30) (31) (32) . Such a plateau in body weight may be due to sustained increases in food intake to compensate for the caloric loss achieved through UGE (33) . In fact, several reports have shown that SGLT2 inhibitors stimulate the energy intake to compensate for the caloric loss due to glycosuria, which may be sufficient to offset the weight loss induced by calorie loss to urine (24) (25) (26) . An important strategy for treatment with SGLT2 inhibitors is to restrict caloric intake and concurrently curb the appetite. Combining the administration of SGLT2 inhibitors with dietetic therapy to limit energy intake is expected to be associated with a greater weight loss than by either strategy alone (33, 34) .
In the present study, tofogliflodin induced an increase in hematocrit, a finding which is compatible with a previous report that dapagliflozin caused an increase in hematocrit, attributed to hemoconcentration due to osmotic diuresis (35) . In addition, the observed significant increases in total protein, urea nitrogen, and Cr may have also been due to hemoconcentration. In general, diuretic therapy elevates hemoconcentration by reducing circulating plasma volume. A similar phenomenon might be caused by osmotic diuresis with SGLT2 inhibitors. The correlation between ΔCr and ΔHct in our results suggests that initial renal impairment with SGLT2 inhibitor may result from a decrease in the circulating plasma volume. However, no significant correlation was recognized between ΔCr and ΔECW. This lack of any observed correlation may be due to a shift in ECW from interstitial spaces to plasma to compensate for SGLT2 inhibitor-induced hypovolemia and the subsequent alteration of the component ratio in ECW between interstitial fluid and plasma. The increased fractional excretion of potassium may be due to a decrease in potassium re-absorption in the proximal tubule caused by natriuresis and increased secretion of potassium accompanied by the elevation of sodium re-absorption in the collecting duct. Furthermore, given that there were no significant changes in the serum sodium or potassium concentrations, a variety of mechanisms might be involved in compensating for the increased urinary secretion of these electrolytes. Potassium is abundant in intracellular spaces; thus, the mobilization of potassium from intracellular spaces to extracellular ones can help compensate for the increased urinary secretion of potassium. Given that potassium mainly maintains intracellular osmotic pressure, this mobilization of potassium may lead to the decrease in ICW observed in this study. This mechanism may also explain the significant association observed between ΔK and ΔICW, at least in part. As with previous reports, LDL and HDL increased significantly in the current study (12, 36) . However, the details regarding the mechanism remain unclear. According to an existing report, hemoconcentration may also be responsible for the observed significant increase in LDL and HDL (19) . The correlating trend observed between ΔLDL and ΔECW and between ΔHDL and ΔHct further suggests that hemoconcentration may have been induced by an SGLT2 inhibitor. Patients administered SGLT2 inhibitors may need to be monitored for increases in LDL and a potentially elevated cardiovascular risk (19) , although the fact that multiple meta-analyses have shown no increase in the incidence of cardiovascular events among the patients given SGLT2 inhibitors is therefore reassuring (36, 37) .
The estimated incidence of all serious adverse events was 26.0 per 10,000 patients receiving ipraglifrozin, dapaglifrozin, tofoglifrozin or luseoglifrozin during the first 3 months after starting the administration of each of these drugs in Japan, a value approximately 6.2-fold higher than that with DPP-4 inhibitors (sitagliptin, vildagliptin and alogliptin) in the corresponding period (7) . In the present study, two patients discontinued administration of tofoglifrozin and two female patients developed cystitis. During this period, we observed hemoconcentration and decreased total body water in our study, phenomena which may be related to the development of adverse events, given their timing. Regardless, since side effects of SGLT2 inhibitors are common, particularly during the first three months, it is necessary to exercise caution in the initial stage of administration of SGLT2 inhibitors.
In conclusion, the 8-week administration of tofogliflozin not only ameliorated glycemic control, but it also reduced the body weight and free fat mass in type 2 diabetic patients without affecting the fat mass. In addition, tofogliflozin caused hemoconcentration and a reduced renal function in the the boundary zone, as well as a decrease in the ECW. These results may reflect the side effects frequently observed during this period. The renal function should therefore be monitored carefully to avoid any risk of renal impairment due to the decrease in circulating plasma volume experienced with SGLT2 inhibitors, especially during the initial phase of usage and in patients whose renal reserve functions are decreased. Furthermore, obese patients thus far seem suitable for the administration of SGLT2 inhibitor. Some limitations associated with the present study are the small number of patients involved, the single-arm clinical design, the absence of a control for food and fluid intake, and the casual blood glucose data. In addition, we were unable to exclude the possibility that the findings for the two obese patients may have skewed our data, resulting in the strong correlation observed between ΔHbA1c and BMI/fat mass at baseline, due to the small number of patient participating in our correlation analysis.
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